1. Introduction
===============

Foodborne pathogenic microorganisms are responsible for significant health problems and sometimes life-threatening for millions of people throughout the world. Several agents such as bacteria, parasites, fungi and chemical toxins are responsible for food ~~-~~borne diseases ([@b1-epj-09-4405]--[@b4-epj-09-4405]). *Escherichia coli*, *Shigella spp*, *Salmonella spp*, *Bacillus cereus*, *Listeria monocytogenes*, *Enterococcus faecalis*, *Staphylococcus aureus* and *Vibrio cholera* are amongst the most important food ~~-~~borne bacterial pathogens ([@b4-epj-09-4405]--[@b7-epj-09-4405]). The infections caused by these bacterial pathogens are endemic now in many countries and cause a wide range of morbidity and mortality ([@b6-epj-09-4405], [@b8-epj-09-4405]--[@b13-epj-09-4405]). Routine detection of bacterial pathogens in clinical laboratories is based on enrichment culture, microscopic observation and biochemical assay ([@b14-epj-09-4405]--[@b17-epj-09-4405]). Although culture testing is the gold standard for the assessment of infectious diseases, the whole procedure has several limitations, such as being time-consuming, laborious, and the difficulty of quantitative analysis. Furthermore, these methods are not capable of detecting several pathogens simultaneously, so there is a need for the rapid identification of food-borne bacterial pathogens using methods with high sensitivity ([@b15-epj-09-4405]--[@b18-epj-09-4405]). In order to overcome such limitations, the development of molecular-based methods such as polymerase chain reaction (PCR) and immunoassay were introduced. Although PCR is one of the most important molecular techniques, because of having potential for detecting microorganisms, this method is also very time-consuming and is not suitable for screening. Most PCR methods are not able to immediately differentiate different bacterial species. For that reason, there is a significant need for an advanced diagnostic system which would be capable of identifying large amounts of intestinal pathogens simultaneously. Molecular techniques for the detection of food-borne pathogens are being developed to improve characteristics such as sensitivity, selectivity, rapidity, reliability, effectiveness and suitability for in situ analysis ([@b19-epj-09-4405], [@b20-epj-09-4405]). Array technology is a very effective means of simultaneously detecting thousands of genes or target DNA sequences on a single nylon membrane ([@b21-epj-09-4405], [@b22-epj-09-4405]). Nowadays, it has been broadly accepted that *rDNA* genes are the potential tools for the identification of enteric bacteria ([@b21-epj-09-4405], [@b23-epj-09-4405]--[@b25-epj-09-4405]). In the present study, information from *16S rDNA* and *23S rDNA* were used as the detection principles, considering these sequences exist universally in bacteria, and thus present general and specific information for identification of organisms. Numerous DNA chip-based pathogen detection systems have been documented as employing this sequence. The sequences of the *16S rDNA* and *23S rDNA* regions exhibits greater variations than that of the *16S rDNA* structural gene and hence it is more suitable for designing specific primers or probes to identify closely related bacterial species. The aim of this study was to evaluate the use of *16S rDNA* and *23S rDNA* genes for simultaneous detection of eight foodborne bacterial pathogens.

2. Material and Methods
=======================

2.1. Bacterial Strains and culture condition
--------------------------------------------

The study was carried out in the laboratory of Molecular Biology Research Center, Baqiyatallah University of Medical Sciences (Tehran, Iran) during 2012--13. Eight common bacterial species that cause food ~~-~~borne infections were selected in our study. They were *Salmonella enterica*, *Escherichia coli*, *Bacillus cereus*, *Vibrio cholerae*, *Shigella dysenteriae*, *Staphylococcus aureus*, *Listeria monocytogenes*, *Enterococcus faecalis*. The referenced bacterial strains used in this study were provided from the Centers for Microbiological Culture Collection (CMCC), Pasteur Institute of Iran in 2011, and were identified and confirmed by a combination of conventional serology methods. The referenced bacterial strains were cultured on LB Agar and BHI Agar based on conventional methods and then stored in an incubator for 17--20 hours. Pure cultures of two or three species of these bacteria were mixed and diluted as food-borne test organism mixtures. Each species of bacterium was diluted from 1 to 10^6^ CFU/ml. Test organism mixture 1 contained bacterial species of *S. aureus*, *E. coli*, *E. faecalis* and *L. monocytogenes*, test organism mixture 2 contained bacterial species of *S. enterica*, *V. cholera*, *Sh. dysenteriae*, and test organism mixture 3 contained bacterial species of *B. cereus* and *E. coli*.

2.2. DNA Isolation and PCR Amplification
----------------------------------------

A single colony was diluted in 100 μl of distilled water in Eppendorf tubes. First a single colony of the bacteria was cultured in 5 ml of LB broth overnight, then, 200 μl of the culture was added to Eppendorf tubes. DNA of the bacteria was extracted using the Genomic DNA Purification Kit (Fermentas, Lithuania). The amplification conditions of tubes were one cycle of 94 °C for 4 min, then 35 cycles of consisting of denaturation (94 °C for 45s), annealing (60 °C for 45s), and extension (72 °C for 45s), with a final extension step at 72 °C for 7 min.

2.3. Design oligonucleotide probes and PCR primers
--------------------------------------------------

Alignment of *16S rDNA* and *23S rDNA* sequences of 8 species of food-borne pathogenic bacteria were performed by the Clustal W algorithm with Align X (a component of Vector NTI Advance 11.0). The selected variable regions of the alignment were checked for self-binding, GC content, secondary structure, and melting temperature (Tm) by the Vector NTI (Invitrogen Corporation, Carlsbad, CA, USA) software and screened for homology with other bacterial sequences using the National Center for Biotechnology BLAST (Basic Local Alignment Search Tool). Oligonucleotide probes were selected from the variable regions of different species for each bacterium (total of 19 robes) and synthesized to make microarray by the custom service of the company. The nineteen oligonucleotide probes are listed in [Table 1](#t1-epj-09-4405){ref-type="table"}. The universal primers (corresponding to 1051--1957 nucleotide sequence of *rDNA* genes based on conserved regions of bacterial *16S rDNA* and *23S rDNA* sequences were designed ([@b26-epj-09-4405]). They were as follows:

1.  16SF: (5′CGCTGGCGGCAGGCCTAACACATGCGCGGCTGCTGGCACGGAGTTAGCC3′) 16SR: (5′CAGCCACACTGGAACTGAGACACGTCCTGTTTGCTCCCCACGCTTTCG3′); 23SF: (5′ACCGATAGTGAACCAGTACCGTGAGACCGATAGTGAACCAGTACCGTGAG3′) and 23SR: (5′AGGATGTTGGCTTAGAAGCAGCGCTACCTTAGGACCGTTATAGTTAC 3′). The forward primers of both *16S rDNA* and *23S rDNA* genes were labeled with a digoxigenin dye (Metabion, Germany).

2.4. Oligonucleotide array preparation
--------------------------------------

Probes were prepared at a concentration of 20 μmol/L. Probe solution was spotted on the nylon membrane (Fermentas, Lithuania) with an amount of 1 microliter in specific position. With the addition of a positive control DNA amplicon to the hybridization buffer, the two controls were capable of providing verification of the amplification and hybridization process within the developed assay. The probes were fixed and cross linked by UV crosslinker for 30 seconds to allow binding of probes onto the nylon membrane. When the oligonucleotides had been cross linked to the membrane, all unbound oligonucleotides were eradicated by two washes using \[0.5× SSC (1× SSC is 0.15 M NaCl plus 0.015 M sodium citrate), 0.1% sodium dodecyl sulfate (SDS)\] for two minutes at 37 °C. Then the strips were dried and stored at room temperature, for later use.

The layout of the probes is shown in [Table 2](#t2-epj-09-4405){ref-type="table"}.

2.5. Hybridization and Signal detection
---------------------------------------

Hybridization was performed for two hours with 1 ml of hybridization solution 5X SSC, 1% \[wt/vol\] blocking reagent, 0.1% N-laurylsarcosine, 0.02% SDS. Ten microliters of the labeled PCR product were diluted with 0.5 ml of hybridization solution and added to each well. The reaction was done at 50 °C for 90 min. The membrane was washed in one ml of washing buffer 1 (1 minute) then in one ml of a second washing buffer 2. The array was then blocked with 1% blocking solution. Approximately 0.5 ml of alkaline phosphatase conjugated sheep anti-digoxigenin antibodies (diluted 1:5000 in blocking solution) was added to each and the plate was incubated at 37 °C for 1 hour (without shaking). NBT/BCIP color development was clearly visible between 30 minutes and one hour after the start of the reaction ([@b26-epj-09-4405], [@b27-epj-09-4405]).

3. Results
==========

3.1. Amplification of 16S rDNA and 23S rDNA primers
---------------------------------------------------

PCR amplification of the eight bacterial strains showed the 500 bp size for *16S rDNA* gene and 880 bp size for the *23S rDNA* gene. The quality control of PCR products showed that all of them have been labeled with Digoxygenin (DIG).

3.2. Array of oligonucleotide probes
------------------------------------

Amplified *16S rDNA* and *23S rDNA*s from the eight bacteria species were successfully hybridized with oligonucleotide probes that were attached on nylon membranes. Results of the oligonucleotide array hybridization for the eight bacterial species can be seen in [Figure 1](#f1-epj-09-4405){ref-type="fig"}. The nineteen oligonucleotide probes were arrayed in suitable grids on the nylon membrane in order to facilitate the hybridization result analysis of the various bacterial species.

We designed two or three probes for some species to ensure the sensitivity and specificity.

3.3 Pure bacterial culture and mock sample hybridization results
----------------------------------------------------------------

High sensitivity and specificity were obtained when the method was evaluated with other species of bacteria, including *S. enterica*, *E. coli*, *B. cereus*, *V. cholerae*, *Sh. dysenteriae*, *S. aureus*, *L. monocytogenes*, and *E. faecalis* ([Figure 1](#f1-epj-09-4405){ref-type="fig"}). PCR products from each bacterial sample were hybridized with oligonucleotide probes attached to nylon membranes. The results showed high specificity of hybridization with bacterial species under investigation. With the exception of *Sh. dysenteriae* and *E. coli* strains (more than 90% similarity in *16S rDNA* gene), in other bacteria, each probe hybridized by only one genus of bacteria or all of the species of that genus. Positive hybridization was found with bacterial mixture no.1 (*S. aureus*, *E. coli*, *E. faecalis* and *L. monocytogenes*), no.2 (*S. enterica*, *V. cholera* and *Sh. dysenteriae*), and no.3 (*B. cereus* and *E. coli*) ([Figure 2](#f2-epj-09-4405){ref-type="fig"}).

3.4. Sensitivity of dot blot Hybridization technique
----------------------------------------------------

Sensitivity of the PCR assay was randomly performed to test the lower detection limit of the DNA microarrays. At first, each species of bacterium of mock samples was diluted from 1 to 10^6^ CFU/ml. Then, each dilution was extracted and amplified by PCR reaction. Finally, all were mixed and tested by dot blot hybridization. Positive signals could be obtained from dilutions between 10^3^ and 10^9^ CFU/ml. If the titer of dilutions was below 10 CFU/ml, the results were considered as negative. The results showed that the sensitivity of oligonucleotide array was 10^3^ CFU/ml.

4. Discussion
=============

DNA microarray technology, consisting of the hybridization of nucleic acid fragments (either from chemical or enzymatic synthesis) immobilized onto a solid surface with the nucleic acid of a test sample, was first reported at the end of the 1990s ([@b21-epj-09-4405]--[@b23-epj-09-4405]). It is a rapid and sensitive method to detect and identify the intestinal pathogens simultaneously, and facilitate the investigation of biological reactions. Probe characteristics are an important issue to reach the success in dot-blot method ([@b22-epj-09-4405]--[@b25-epj-09-4405]). Our probes were prepared based on comparison of the *16S rDNA* and *23S rDNA* genes sequences of eight intestinal pathogenic species to locate variable regions containing signature sequences for eight intestinal pathogens: *E. coli*, *Sh. dysenteriae*, *S. enterica*, *B. cereus*, *L. monocytogenes*, *E. faecalis*, *S. aureus*, and *V. cholera*. Degree of sequence mismatching is important to obtain target specificity ([@b28-epj-09-4405], [@b29-epj-09-4405]). Microarrays can be combined with other methods to augment the detection and identification of products ([@b30-epj-09-4405], [@b31-epj-09-4405]). Tissari et al., in cases of positive cultures, compared the use of PCR followed by a DNA microarray with blood cultures, and found the PCR-DNA microarray approach to have acceptable sensitivity, specificity, and rapidity, however, the DNA microarray continues to be a less common approach to microbial diagnostics ([@b32-epj-09-4405], [@b33-epj-09-4405]). Processing of microarrays is another significant aspect in the effective detection of hybridization signals. Processing methods suggested by the manufacturer were initially used to hybridize procedures. However, no signals or nonspecific signals were obtained. In this study, modifications were made in time and temperature of incubation of solution in shaker incubator, which allowed us to obtain clear, strong hybridization signals.

Nowadays, the *rDNA* genes have been generally accepted as the potential tools for the identification and phylogenetic analysis of bacteria ([@b34-epj-09-4405]). The *rDNA* genes are in each bacterial cell. They have a size of about 1500--3000 nucleotides for *16S rDNA* and *23S rDNA* genes and, also, protectable and variable regions in these genes ([@b35-epj-09-4405]). The *16S rDNA* or *23S rDNA* targeted hybridization probes and polymerase chain reaction (PCR) primers have been applied successfully to the identification and detection of bacteria species ([@b36-epj-09-4405]). However, in the case of closely related species (*Shigella* spp, *Salmonella* spp, and *E. coli*), *16S rDNA* probes or primers have not been used due to little variation of the *16S rDNA* sequence, and these three genera can hardly be identified by only this gene ([@b37-epj-09-4405]). Therefore, the *23S rDNA* sequence was chosen as the target because earlier studies had shown that in comparison to that of the corresponding *16S rDNA* sequence, it had a higher degree of inconsistency, particularly in the region used in this study ([@b38-epj-09-4405], [@b39-epj-09-4405]). Applying of both *16S rDNA* and *23S rDNA* genes in the same panel of hybridization, display greater variations respect to utilizing only*16 rDNA* structural gene and is therefore more appropriate in designing specific primers or probes when identifying closely related species ([@b40-epj-09-4405]). Using this technique, complex mixtures of bacteria were more easily distinguishable. The final results were attained within five hours, and the time could even be considerably reduced following further improvements to the DNA extraction and hybridization procedure.

5. Conclusions
==============

The *16S rDNA* and *23S rDNA* genes showed sufficient sequence diversity for species identification and monitoring the populations of foodborne pathogenic bacteria. Also, oligonucleotide array hybridization had a powerful capability to detect and identify the bacterial pathogens simultaneously. It is suggested to use the oligonucleotide array technique for determination of other microorganisms, such as viruses and parasites. Performing a supplementary research about variable and conserved regions of ribosomal genes for the selection of better regions in order to design primers and probes can be an appropriate point for further research.
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###### 

Oligonucleotide probes used in this study

  No.   Bacterial name                                                                         Probe sequences (5′ to 3′)
  ----- -------------------------------------------------------------------------------------- ---------------------------------------------------
  1     16S *E. coli*                                                                          GGGAGGAAGGGAGTAAAGTTAATACCTTTGCTCATTGACG
  2     23S *E. coli*                                                                          GATATGTAGGTGAAGCGACTTGCTCGTGGAGCTGAAATC
  3     16S *Sh. dysenteriae*                                                                  CGGTAACAGAAAGCAGCTTGCTGCTTTGCTGACGAGT
  4     23S *Sh. dysenteriae*                                                                  GATATGTAGGTGAAGTCCCTCGCGGATGGAGCTGAAATC
  5     16S *S. typhimurium*                                                                   TTTACTCTCTAAGGACAAGTTGTGACGGGGAGCGAAATAATAGTAGC
  6     23S *S. typhimurium*                                                                   TGTGTGTTCCAGGTAAATCCGGTTCACTTTAACACTGAGGC
  7     16S *V. cholerae*                                                                      TAGGGAGGAAGGTGGTTAAGTTAATACCTTAATCATTTGACGTTACCTA
  8     23S *V. cholerae*                                                                      TCTGTAAGCCGTTGAAGGTGAATCGTAAGGTTTGCTGGAGGTATC
  9     16S *B. cereus*                                                                        TGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGA
  10    23S *B. cereus*                                                                        GGTGCTTTCTTAACGGAAAGCCGCAGTGAATAGGCCCAAGCG
  11    16S *E. faecalis*                                                                      CTTCTTTCCTCCCGAGTGCTTGCACTCAATTGGAAAGAGGAGT
  12    23S *E. faecalis*                                                                      CCGATGCAAACTGCGAATACCGGAGAATGTTATCACG
  13    16S *L. monocytogenes*                                                                 ACGAACGGAGGAAGAGCTTGCTCTTCCAATGTTAGTGGCG
  14    23S *L. monocytogenes*                                                                 GGAATCGCACGAATGGAAATGTGCGTCCAAGCAGTGAGTGTGAGAAGT
  15    16S *S. aureus*                                                                        TATTAGGGAAGAACATATGTGTAAGTAACTGTGCACATCTTGA
  16    23S *S. aureus*                                                                        GGGAGAAGACATTGAGTCTTCGAGTCGTTGATTTCACACTGCCGAG
  17    Universal probe                                                                        CACACTGGAACTGAGACACGGTCGAGACTCCTACGGGA
  18    Enterobacteriaceae probe                                                               TATTAGGGAAGAACATATGTGTAAGTAACTGTGCACATCTTGA
  19    Aequorea victoria GFP[\*](#tfn1-epj-09-4405){ref-type="table-fn"} (positive control)   CAGAGTGTGCGATATTGATGAAAGTG

Green Fluorescent Protein.

###### 

Layout of oligonucleotide probes

  Universal   1    2    3                  Positive Control
  ----------- ---- ---- ------------------ ------------------
  4           5    6    7                  8
  9           10   11   12                 13
  14          15   16   Positive Control   18
